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; i i *i  of  crO!;:;cs  from  a replication  including  inbred  parents 
but  not  reciprocals.  Lack  of  replication  made  complete 
::l  al  istical  analysis  impossible.  Regression  analyses  indi- 
tMt'd  i linear  relationship  exists  between  lysine  and  total 
essential  amino  acids  with  a very  low  correlation  coeffi- 
cient with  a negative  correlation  between  lysine  and  total 
pr.  (ein.  A positive  correlation  exists  between  lysine  and 

Dye-binding  techniques  for  protein  and  a rapid  quanti- 
tative analysis  technique  proved  unreliable  when  used  in 
pearlmillet.  The  cause  of  this  unreliability  was  undeter- 


Protein  Problem 


Internationally,  cereal  grains  are  the  major  source 
of  protein  in  the  human  diet  while  legumes  and  animal  pro- 
teins act  as  supplemental  sources,  i-icol  (1971)  reports 
sorghum  and  millets  contribute  63fc  of  the  total  dietary 


n West  African  diets  while  r 
e total  dietary  protein  in  the  F; 
he  contribution  of  cereal  grains 


> the  dietary 


protein  in  Latin  America  is  complicated  by  the  fact  that  in 


the  basic  grain  in  the  diet.  Altschul  (1965)  estimates 


combined.  The  importance 


of  protein  quality  and  quantity  in  cereal  grains  is  secondary 


source  of  protein. 

The  prominence  of  cereal  grains  as  a major  protein 
source  in  human  diets  and  problems  which  are  inherent  have 

sviqgests  that  where  sufficient  cereals  to  satisfy  the  caloric 


when  analyzed  on  a whole-grain  basis  are,  however, 

FAO  recommended  levels  in  one  or  more  essential  amino 
Lysine,  for  example,  is  the  primary  limiting  amino 
n all  cereal  grains.  Threonine  is  second  limiting 
re  tryptophane  and  lysine  are  co- 
limit i ng  (Table  1 ) . 

A concomitant  problem  is  the  loss  of  protein  during 
processing.  The  principal  source  of  this  loss  is  through 
milling  where  the  germ,  which  is  proportionally  higher  in 
protein  than  the  endosperm, or  the  seed  coat,  including  the 

these  seed  fractions  lowers  both  the  quality  and  the  quan- 

of  malnutrition  is  debilitating  in  adults.  In  pre-sohool 
children  whose  protein  needs  are  high  in  relation  to  caloric 
requirements,  severe  cases  of  protein  malnutrition  result 

requirement  may  be  met  with  a cereal-based  diet  after  wean- 
ing but  a protein  deficiency  will  result  unless  sufficient 


COMPARISON  OF  ESSENTIAL  AMINO 
ACIDS  IN  CEREAL  GRAINS 
EXPRESSED  IN  g/16g  N 


Am i no  acid Pearlmillet  Sorghum 


phenylalanine  4.9  4.9  5.7 

Tyrosine  - — 


Source:  Burton  et  al.,  1972. 

+ Juliano  et  al. . 1968. 

***suggested  FAO  requirements  for  good  amino  acid 
balance  (Food  and  Agr.  Org. , 1957). 


supplied. 


l.-qumos  and/or  animal  protein  sources  are 


r . i v . i i 1 1 <•  as  cheaply  as  possible.  Improving  the  pro- 

n quality  and  quantity  in  cereal  grains  appears  to  be  a 

Population  pressures  and  cultural  mores  also  contribute 
the  protein  problem.  Available  arable  land  is  decreasing 
the  population  is  increasing  and  the  competition  between 
and  animals  for  the  available  cereal  grains  is  becoming 
?r  capita  consumption  of  animal  products 

atcs  a pressure  on  available  grain  supplies  forcing  the 
price  of  both  grain  and  animal  products  upward.  This  trend 
makes  both  grain  and  animal  products  less  attainable  by  the 
majority  of  the  population  in  underdeveloped  c 


Cultural  patterns  and  mores  often  limit  the  progress 
wnich  might  be  made  in  improving  protein  quality  and  quan- 

sidered  less  palatable  in  some  areas  of  Asia  (Juliano  et  al . , 
196a) . High  lysine  corn  has  not  found  acceptance  in  many 
areas  of  Latin  America.  Local  taboos  and  prohibitions  often 
eliminate  potential  sources  of  animal  protein.  Dietary 
and  cultural  patterns  are  difficult  to  change  and  progress 
will  bo  slow  where  change  is  required  for  improved  protein 


(1971) 


high  protein 


high 


in  breeding  crops  for  increased  production  w 


i little 
nra  (1971) 


ness  of  the  nutritional  requirements  of  monogastric  animals 
anti  the  non-availability  of  simple,  quantitative,  inexpen- 

among  their  amino  acids  in  the  diets  of  developing  cultures 
may  also  have  attributed  to  this  situation. 

Interest  in  the  improvement  of  protein  in  some  cereal 
crops  began  early  in  the  twentieth  centruy.  Woodworth  et  al. 

for  protein  and  oil  content  in  corn  and  shortly  afterward 


1951)  published  on  the  inheritance  of 
hese  studies  indicate  crude  protein  coi 
corn  but  no  serious  work  was  begun  sine 
s largely  in  the  form  of  nutritionally 
f the  opaque-2  and  the  floury-2  genes  v 


protein 


intly  alter  the  a 


) created  renewed  interest  i 


quantity  of  protein 


increasing  the  quality  and  the 

last  decade.  The  International  Dice  Research  Institute 
(lititT)  began  studies  on  the  variability  of  protein  content 
in  rice  varieties  of  Asia  (Juliano  et  al. , 1964)  and  later 
began  screening  for  high  protein  rice  varieties  (Juliano 
et  al. , 1968) . The  Nebraska  Agricultural  Experiment  Station 


accomplished  without  sacrificing  yield  (Johnson  ct.  a I . , 
1968).  Lower  yield  in  high  protein  lines  has  been  the  major 
deterrent  in  the  introduction  of  high  protein  commercial 


to  investigate  protein  quality  and  quantity  in  that  crop. 

One  result  of  this  program  was  the  discovery  of  a high 
lysine  mutant  gene  (Singh  and  Axtell,  1973).  A broad-scaled 
program  designed  to  upgrade  protein  quality  and  quantity 
in  cereal  grains  was  also  developed  in  India  (Swaminathan 

The  inferior  quality  of  cereal  proteins  is  attribut- 


Prolamines  low  in  lysine  content  constitute  the  major  per- 
centage (40-60%)  of  seed  proteins  in  most  cereals,  with 
glutelins  of  intermediate  lysine  content  constituting  most 
nf  'hi ■ remainder.  The  smallest  protein  fraction  in  cereals 


>•  globulins  which  are  characteristically  higher  in 
ats  with  1 21  (Nelson,  1969).  These  differences  in 


grain  suggest  till1  possibility  of  improvement  through 
mutations  which  would  suppress  the  synthesis  of  protein 
fractions  low  in  the  desired  amino  acids  with  a compensat- 
ing synthesis  of  other  fractions  with  higner  levels  of  the 
tl  'sired  amino  acids. 


Synthesis  of  amino  acids  is  regulated  to  correspond 
closely  to  demand  for  incorporation  into  proteins  by  the 
plant,  therefore,  cereal  grains  contain  very  low  quantities 

ous  mutation  causing  a loss  of  sensitivity  in  control  of 
amino  acid  synthesis  could  cause  an  over-synthesis  with  a 
resulting  increase  in  free  amino  acids.  No  mutation  of 


this  type  has  been  identified  to  date  (Nelson,  1969). 


endosperm  or  seed  structures.  The  high  lysine  mutants  in 
maize  are  of  this  gross  structural  change  type.  Theoreti- 
cally, opaque-2,  the  high  lysine  gene,  inhibits  the  synthe- 
sis of  zein,  the  prolamine  fraction  of  the  protein,  in  maize. 


i protein  synthesis  h 


important  in  changing  protein  quality 


quantity. 


it  became  increasingly  apparent  as  the  components  of 
seed  proloin  were  elucidated  that  significant  changes  in 

only  through  mutations.  More  specifically  these  changes 


ale. .ho I -soluble  prolamine  fraction  and  increase  synthesis 
ni  other  protein  fractions  (Johnson  et  £l. , 1968;  Munck, 
1961).  Hertz  and  Bates  (1964,  1965)  found  a significant 
reduction  in  zein,  the  prolamine  fraction  of  corn  protein, 
in  mutant  strains  homozygous  for  either  the  opaque-2  or 
the  floury-2  gene  with  a corresponding  increase  in  lysine. 
Tello  et  £l.  11965)  found  the  same  effect  when  the  opaque-2 

recently  Nelson  and  Chang  (1974)  studied  the  effect  of 
enhancing  protein  and  lysine  content  in  corn  by  incorporat- 
ing a gene  conditioning  multiple  aleurone  cell  layers. 

Significant  improvement  in  protein  quality  or  quan- 
tity in  cereal  grains  can  be  accomplished  through  selection 
and  breeding  and  by  screening  mutations,  either  spontaneous 
or  induced.  Manipulation  of  major  genes  offers  the  most 
dramatic  and  the  most  rapid  method  of  increasing  protein 
quality  or  quantity  but  generally  major  genes  are  not 
i l.ihi".  Selection  and  breeding  hold  the  most  promise 
lor  protein  improvement  when  sufficient  variabili'y  is 
n attempt  to  induce  m 


1971).  The  effect 


ncris,  is  high  in  protein  a 
the  globulin  fraction.  Increasing  t 

quantity  of  protein  i 
• talent  by  the  amylose  extender  g 
to  be  due  to  the  increased  thickness  o 

Inferior  quality  of  cereal  proteins  may  be  attributed 
to  t he  small  fraction  of  globulins  which  are  high  in  lysine 
and  the  large  fraction  of  prolamines  of  low  lysine  content. 
Globulins  are  abundant  in  the  aleurone  layer  and  the  embryo 
while  prolamines  are  found  in  the  endosperm.  Any  factor 
which  significantly  alters  the  ratio  of  these  protein  frac- 
tions will  have  significant  effects  on  the  protein  quality 
and  quantity  of  the  grain. 

One  aspect  of  the  problem  unrelated  to  the  breeding 
and  genetics  is  the  lack  of  a simple,  quantitative,  non- 
destructive method  of  analysis  for  total  protein  and  amino 


Dye-binding  techniques  have  been  developed  which 
estimate  protein  in  some  cereal  grains.  Udy  (1971)  developed 
this  technique  originally  for  wheat  and  later  expanded  it  to 


i.i  lu  r grains.  Kaul  cl.  al.  (1970)  reported  the  technique 
was  well  adapted  to  rice  and  other  grains.  Kamra  (1972) 
mentioned  the  effectiveness  of  dye-binding  for  the  quali- 
tative estimation  of  lysine  in  grains.  The  method  was  use 
t.y  Singh  and  Axtell  (1973)  to  isolate  the  high  lysine  gene 
in  sorghum.  Kaul  et  al.  (1969)  described  a 
scopic  screening  of  rice  grains  f 
a dye-binding  technique.  Johnson  and  Craney  (1971)  reported 


a method  of  micro 
r protein  content  using 


iuret  method  for 
Parial  and  Rooney  (1970) 
results  from  dye-binding. 


of  protein  in  grains, 
high  correlation  among 
, and  micro-Kjeldahl 


analyses.  Concon  and  Soltess  (1973)  described  a rapid 
micro-Kjeldahl  process  in  which  digestion  is  completed 
within  10  minutes. 

The  major  problem  confronted  in  the  search  for  a rapid 
quantitative  analytical  technique  for  lysine  or  total  amino 
it- ids  is  hydrolysis.  Standard  methods  require  special 


3 Kohler  (1969) 


developed  a survey  hydrolysis  procedure 
r week  may  bo  processed,  but  i 
too  slow  to  meet  the  requirements 


breeding  program  i 


f segregating  genotypes  must  be  analysed. 

Quantitative  analytical  methods  for  lysine  include 
i.-.s  chromatographic  (Zscheile  and  Brannaman,  1972), 
colot in.  trie  (Concon,  1972;  Ghosh  and  Bose,  1973),  and  thin 
layer  chromatographic  techniques  (Heathcote  and  Haworth, 


methods  require  hyrlrolysi 


Peaflmillet  (Pennisetum  typhoides  (Burn.)  Stapf  and 
K.  ■ . Hubbard)  is  a robust  annual  bunchgrass  grown  on  20 
million  hectares  as  a grain  crop  for  human  consumption 
(Burton  and  Powell,  1968;  Burton  et  al. . 1972).  It  is 

on  soils  too  infertile  and  too  dry  for  other  grain  crops. 
Vhe  ability  to  produce  in  the  dry,  infertile  areas  of  the 


qualities  of  the  grain  justify  the  research  in  production 
and  improvement  of  this  crop  presently  being  advocated 
(Dewit,  1969). 

Pearlmillet  has  a protein  content  ranging  from  8.8% 
to  20.9%,  with  lysine  varying  from  1.9%  to  3.4%  of  the  pro- 
tein (Burton  et  jil . , 1972;  Wallace,  unpublished  data). 


Swaminathan  et  al. , 


(1971)  who  found  By.  to  20%  protein,  with  lysine  ranging  from 


1 ■ •"  1 • 8 ■ "i  Ui..-  protein,  and  tryptophan  ranging  I rom 
0.7  to  1.7%  of  the  protein.  Losses  occur  during  milling, 
‘“i  approximately  85%  of  the  proteins  in  the  whole  grain 
normally  remain  after  processing  (Dewit,  1969). 


Millet  has  a content  and  balance  of  essential  amino 
acids  equal  to  or  better  than  most  other  cereals  (Table  1) 
and  is  higher  than  rice,  wheat,  or  maize  in  fat  and  mineral 
content  (Table  2). 

The  grain  yield  potential  has  not  been  established, 
but  there  is  evidence  to  suggest  pearlmillet  yields  may 
compare  favorably  with  corn  and  sorghum  where  good  manage- 
ment including  use  of  adopted  varieties,  irrigation,  and 

Purposes  of  this  study  were  (1)  to  determine  the 
hcritabi lity  of  protein  and  lysine,  the  primary  limiting 
aiiiltio  acid,  in  the  grain  of  pearlmillet  and  (2)  to  invest  i- 

rapid  ‘pmntitative  methods  of  analysis  reported  in  the 
literature  for  protein  and  lysine. 


OIL  AND  MINERAL  COMPOSITION  OF 
SOME  CEREAL  GRAINS 


Composition 


Agriculture  Handle 


MATERIALS  A 


c Diallel  Cross 


A diallel  cross  was  made  during  the  summer  of  1973 
six  inbred  lines  received  from  Ti f ton , Georgia.  Line- 

as  measured  by  Wallace  and  Block  (unpublished)  as 


LYSINE  CONTENT  OP  INBRED  LINES 
IN  THE  DIALLEL  CROSS 


Progeny  from  the 
split  plot  design  over  two  locations  with  two  replications 
at  each  location.  Replications  contained  the  six  inbred 
lines  produced  by  selling  the  parental  lines  and  the  30 
F^s  (including  reciprocals)  derived  by  crossing  the  six  lines 
in  all  possible  combinations. 

Location  I was  planted  on  the  Agronomy  Farm  at  the  Uni- 
versity of  Florida,  Gainesville.  Each  plot  consisted  of 
three  rows  5.5  m in  length,  with  1 m between  rows.  Plants 
were  spaced  approximately  0.5  m apart  in  the  rows.  One 
application  of  403  kg/ha  or  10-10-10  fertilizer  was  broadcast 
before  planting.  Heads  from  the  center  row  of  each  plot 
were  randomly  selected  and  bagged  with  a kraft  bag  and  an 
aluminum  screen  protector  bag  to  minimize  bird  damage. 

Heads  remained  on  the  plants  until  they  were  fully  matured. 

Location  II  was  planted  the  same  season  (summer,  1974) 
on  the  Horikami  Farm,  University  of  Florida  Experiment 
Station,  Delray  Beach,  Florida.  Plots  were  bedded  due  to  the 
high  water  table  in  this  area  and  covered  with  bl'ack  plastic 
to  minimize  weed  competition.  The  beds  were  approximately 
30  cm  high -and  1.5  m wide.  The  plots  were  fertilized  with 
403  kg/ha  of  10-10-10  fertilizer  broadcast  prior  to  bedding. 
Each  plot  consisted  of  two  rows  90  cm  apart  and  5.5  m long 
placed  upon  the  bed.  Plants  were  spaced  approximately  0.5  m 
apart  in  the  rows.  Bedding  and  covering  the  beds  with 
plastic  minimized  interplot  competition.  Heads  from  both 


randomly  selected 


In*  i !-  remained  on  tile  plants  until  they  were  fully  matur’d. 

All  baqqcd  heads  were  harvested  and  three  heads  were 
randomly  selected  from  each  plot  for  use  in  the  quantitative 
analysis  for  protein  and  lysine.  Line  1-18  and  its  progeny 
wot.*  eliminated  due  to  poor  germination  and  poor  seed  set 
in  several  plots. 


Analytical  Procedures 


Equal  measures  of  seed  from  each  of  the  three  heads 
selected  were  bulked  for  estimation  of  the  plot  mean  for 
protein  and  lysine.  Samples  were  ground  in  a Norris  hammer 

100°  C before  analysis.  Samples  used  in  the  analysis  for 
lysine  and  the  dye-binding  capacity  (DBC)  technique  for 


estimation  of  protein  were 
pestle  using  approximately 


further  ground  in  a mortar  and 
5 ml  acetone  as  a wetting  agent. 


Protein  Analysis 

Protein  (N  x 6.251  was  determined  by  the  rapid  micro- 
**  j.  id.ml  procedure  described  by  Concon  and  Soltess  (1973). 
Approximately  2.3  g of  K2SO./MgO  mixture  and  2.3  ml  H^SO, 
were  added  to  a ground  sample  of  50  mg.  The  mixture  was 
nested  until  frothing  occurred  then  approximately  1 ml  30% 


continued  until  clearing.  Distillation 


the  :.l  i mint'd  micrn-Kjcldohl  procedure  ( AOAC , 19Ar>).  Accuracy 
ot  the  procedure  was  verified  by  correlating  results  of 
randomly  selected  samples  with  those  from  the  macro- K jo Ida hi 
procedure  (AOAC,  1965).  Data  generated  by  the  micro- 
Kjeldalll  analysis  were  used  to  determine  the  accuracy  of 
dye-binding  techniques  for  protein  estimation  in  pearl- 


Amino  Acid  Analysis 

Ground,  oven-dried  samples  of  100  g each  were  hydrolyzed 
in  100  ml  6N  HC1  in  a nitrogen-saturated  atmosphere  at  40°  C 
for  24  hours.  The  solute  was  brought  to  dryness  in  a rotary 


(v/v)  dilution  was  used  for  the  complete  amino  acid  determi- 


Fifteen  samples  representing  a complete  set  of  crosses 
from  a replication,  including  inbreds  but  not  reciprocals, 
w re  analyzed  on  a Jcol  Model  JLC-6AH  Amino  Acid  Analyzer. 

Lysine  Analysis 

Lysine  was  estimated  as  grams  of  lysine/16  g N using 
tne  rapid  lysine  determination  technique  described  by 
Cone  ,n  (19721  . A protein  extraction  was  made  from  a 500  mg 
sample  of  ground  seed  using  1.5  ml  70%  ethanol  followed  by 

determined  by  rapid  micro-Kjeldahl  procedures  (Concon  and 


Goliess,  I 7 .! ) using  .1  0.5  ml  aliquot.  Din i trobenxone 
colm  imotrical ly.  A Bausch  and  Lomb  spectrophotometer 


than  al  300  nm  as  indicated  in  the  literature.  The  spec- 
ti opnotoDn'ter  lacked  sensitivity  at  360  nm  to  distinguish 
among  samples  whose  differences  were  visually  apparent. 
Accuracy  of  this  procedure  was  verified  by  correlating 
results  with  data  on  15  samples  analyzed  with  the  amino 
acid  analyzer. 


Statistical  Analysis 


Protein  data  were  analyzed  using  Griffing's  (1954) 
method  3 (in  which  all  F^s  are  used) , model  I (all  effects 
except  error  are  considered  fixed)  for  estimates  of  general 
combining  ability  (GCA)  and  specific  combining  ability 


out  (male  heritability  with  the  formula  for  the  genetic 
variance  estimate  (6-)  modified  to  include  the  reciprocal 
variance  estimate  (ftp.  Estimates  of  heritability  (h2)  in 


calculated . 


method  of  diallel  cross  analysis  for  estimation 
of  foots.  Gone  action  parameters  estimated  by  t! 
are  additive,  dominance,  and  maternal  effects. 


(1954) 
of  genetic 


RESULTS 


Protein  Inheritance 

A highly  significant  difference  was  found  between 
crosses.  All  other  parameters  were  non-significant  (Table  7). 
Location  differences  were  non-significant  but  observation 
of  mean  values  of  crosses  compared  across  locations  (Table  4) 
suggests  the  environmental  effect  upon  crosses  was  variable 
in  both  the  positive  and  the  negative  directions  masking 
possible  location  effects. 

Table  5 and  6 contain  the  means  of  each  cross  (by 
location)  arranged  with  the  inbred  parents  forming  the 
diagonal.  In  this  format  reciprocals  are  also  located 
diagonally,  from  one  another.  Reciprocal  differences  in  some 
lines  are  apparent. 

Combining  Abilities 

Data  at  both  locations  were  subjected  to  analysis  of 
variance  for  combining  ability  (Tables  8 and  9).  Estimates 
of  GCA  and  SCA  differed  with  the  reciprocals  showing  no 
significant  difference  between  locations.  Parental  reciprocal 
estimates  (3r)  (Tables  10  and  11)  indicate  the  major 
reciprocal  differences  of  approximately  the  same  magnitude 
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occui  r. -.1  in  the  s t me  crosses  at  both  locations.  These  data 
siwi  'sl  the  environment  had  little  effect  upon  reciprocal 
Lii.ll  in  proyeny  from  lines  1-23  and  T-27.  Environmental 
eii.cts  appeared  to  have  an  influence  on  progeny  from 
1 i lies  T-4  and  T-98,  however.  Differences  in  combining 
abilities  between  locations  are  an  indication  of  the  effect 
of  environment  on  protein  content. 

The  GCA  of  each  of  the  five  inbred  lines  in  this  study 
was  non-significant  at  Gainesville.  Estimates  associated 
with  each  parent  show  line  1-23  superior  to  all  other  lines 
in  that  location,  this  being  evidenced  by  the  consistency 

content  (Table  5) . 

The  GCA  variance  estimate  (8*)  associated  with  each 
parent  indicates  lines  T-27  and  1-23  are  superior  to  all 
other  lines  tested  at  that  location  (Table  11).  The  most 
striking  difference  in  the  parental  GCA  variance  estimates 
between  locations  is  that  line  T-4  has  a negative  value 
while  four  lines  have  negative  values  at  the  Gainesville 
location. 

Analysis  of  SCA  shows  non-significant  effect  at  Gaines- 
vi Lie  (Table  8)  and  a highly  significant  effect  at  Delray 
Beach  (Tables  8 and  9).  Parental  estimates  for  SCA  (8*1 
show  line  T-140  to  be  superior  to  other  lines  at  Gainesville 
(Table  8)  and  lines  T-27  and  1-23  superior  at  Delray  Beach 


lieritabil  it ies  in  both  the  brnad  sense  and  'he 
narrow  sense  were  estimated  assuming  additive  varian-o 

1954).  Total  genetic  variance  was  estimated  by  the  form" la 


ft*  = total  genetic  variance, 
o2  = estimate  of  GCA 
a * estimate  "f  SCA,  and 
o = estimate  of  reciprocal  effects. 

The  phenotypic  variance  (ft2)  was  estimated  by  the 


'irritability  is  then  estimated  by  the  formula 


heritability  estimates 


tions  were  negative  due  to  the  negative  values  in  the  GCA 
variance  estimate  (Table  12) . Broad-sense  heritability 
was  extremely  variable  between  locations  with  a value  of 
0.008  at  Gainesville  and  0.54  at  Delray  Beach. 


Genetic  Parameters 

The  Hayman  (1954)  method  of  diallel  analysis  indi- 
cated dominance  for  protein  content.  The  negative  values 

nance  for  lower  protein  content  (Table  13).  The  consis- 
tency with  which  the  progeny  deviated  in  the  negative 
direction  from  the  mid-parent  value  (the  mean  of  the 
parents)  for  protein  content  confirms  this  interpretation. 

Analysis  of  data  also  indicates  no  significant 
genetic  difference  among  parental  lines.  The  Yates  (1947) 
method  of  interpretation  of  data  reveals  a significant 
maternal  effect  which  is  evidenced  by  significant  re- 
ciprocal differences  involving  some  lines. 


ANALYSIS 


OF  VARIANCE  FOR  GENETIC  PARAMETERS 
OF  PROTEIN  INHERITANCE 


Analysis  of  inheritance  for  lysine  was  limited  to 

the  unrealiable  results  of  the  rapid  analytical  technique 
for  lysine  (Table  16) . There  was  no  replication,  hence 
statistically  valid  inferences  cannot  be  made.  Hypotheses, 
however,  may  be  formulated  for  verification  in  further  work. 

Regression  analysis  of  the  data  (Table  14)  indicates 
a linear  relationship  exists  between  lysine  and  total 
essential  amino  acids  but  with  a very  low  correlation 
coefficient.  A negative  correlation  (r  = -0.44)  exists  between 
lysin'-  and  protein  content  with  a strong  positive  correla- 
tion between  lysine  and  the  sum  of  methionine  and  threonine 
li  0.76).  A linear  relationship  was  not  indicated  between 
total  essential  amino  acids  and  total  protein  although  the 
data  indicate  a slight  negative  correlation  may  exist. 

Quantitative  Analytical  Methods 

TnH  DBC  method  for  screening  samples  for  protein 
content  as  reported  by  Kaul  et  al.  (1970)  was  unreliable 
when  used  with  pearlmillet  (Table  17).  The  rapid,  quanti- 
tative analytical  technique  for  lysine  reported  by  Concon 
( 1972)  also  proved  unreliable  (Table  16).  The  rapid  micro- 
Kjeldahl  technique  reported  by  Concon  and  Soltess  (1971) 
proved  very  accurate  and  consistent  and  correlated  well 


a-Kjeldahl  results  (Table 
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EVALUATION  01'  EXTRACTION  FOR 

I.YlHNE  technique  AND  COMPARISON 

uy  TIIE  CONClM  TECHNIQUE  t 


described 


Concon  (1972). 


COMPARISON  BETWEEN  DBC  AND  MICRO-KJELDAIII. 

II  1’  * <Ti;  i N,  REPLICATION  I,  GAINESVILLE 


1-23  x T-9B 


T-4  selfod 


DBC  values Micro-Kjoldahl 

absorbance  t protein 


17.49 

15.68 


Thirdly, 


, the  array  of  genes  which  control  proi  in 
inheritance  are  affected  by  environmental  factors.  Sig- 
nificant yonotypo-on-cnvironment  interactions  have  been 
. ■ , ■ ,.i  in  sorghum  (Crook  and  Casady,  1974;  Deyoe  and 

. ..  1 lcnbetycr,  1963;  Liang  et  al. , 1968),  rice  (Sampatb 
,n  ,ii,,  1968;  Hillerislambers  et  al.,  1973),  wheat  (Johnson 
et  ai.,  1968),  and  pearlmlllet  (Ilahadevappa , 1967).  It 
becomes  evident  the  phenotypic  expression  of  protein  content 
in  an  individual  plant  is  a balance  between  the  genetic 
potential,  the  environmental  conditions,  and  the  interac- 

The  results  of  this  study  are  further  evidence  of 
the  complex  nature  of  protein  inheritance.  The  signifi- 
cance of  environmental  differences  due  to  location  appears 
to  be  masked  by  other  interactions. 

Environmental  differences  were  present,  but  the  effect 
of  environment  across  25  different  genotypes  masked  this 
I iTect.  Any  statistical  analysis  of  an  experiment  concern- 
in'; protein  analysis  should,  therefore,  partition  the 
variance  into  all  possible  interactions. 

Differences  between  replications  in  some  crosses 
(Tabic  9)  cannot  be  explained.  Seed  used  in  growing  the 
geneintion  was  taken  from  the  same  head,  hence  variations 
cannot  1"'  attributed  to  possible  differences  in  genotype  of 
mo  parents.  This  is  also  verified  by  the  analysis  of 


Her  liability  estimates  for  protein  content  gor  se 
tor  poarimiilot  wore  not  found  in  the  literature,  but  the 
results  described  by  Ahmad  et  al.  (1972)  and  Mahadevappa 
(]'J67)  were  similar  to  those  in  this  study.  Predominance 
of  non-additive  gene  action  and  considerable  environmental 
effect  both  contribute  positively  to  the  henominator  of  the 
heritability  estimate  formula.  Environmental  interaction 
with  genotype  could  account  for  the  variability  in  estimates 
between  locations. 

Experience  in  this  work  indicates  that  analysis  for 
only  OCA  or  SCA  may  prove  inadequate  when  working  with  a 
quantitatively  inherited  trait.  It  should  be  one  of  a 
series  of  progressive  steps  leading  toward  a better  under- 
standing of  the  gene  actions  involved  in  the  inheritance  of 
that  trait.  Only  through  such  analyses  can  we  discover 
whether  protein  content  per  se  is  controlled  by  a major  gene 


controls  t 


synthesis  of  a particular  am 
between  control  mechanisms. 


The  limited  data  on  lysine  inheritance  make  detailed 
analysis  impossible.  Certain  correlations  can  be  made, 
however,  and  may  be  useful  in  the  formulation  of  hypotheses 
for  further  study. 

Data  indicate,  when  selection  is  based  solely  on  pro- 
■ content,  higher  protein  is  accompanied  by  lower  values 


: ' irnj  amino  acids  in  cereal  grains. 

This  is  evidenced  l»y  the  positive  correlation  between  lysine 
and  the  total  of  methionine  and  throonine  (Green  and 
Phillips,  1974).  Other  evidence  is  the  negative  correlation 
between  lysine  and  total  protein. 

The  absence  of  a linear  relationship  between  total 
essential  amino  acids  and  total  protein  with  the  very  low 
correlation  between  lysine  and  total  amino  acids  indicates 
progress  could  be  made  through  selective  breeding. 

All  throe  analytical  techniques,  08C,  the  Concon  rapid 
lysine,  and  rapid  micro-Kjeldahl,  were  selected  for  study 
liecause  they  showed  promise  of  being  effective  tools  in  i 
pcarlmillet  breeding  program  designed  for  protein  improve- 

and  the  rapid  quantitative  lysine  technique  are  unknown. 

There  were  no  correlations  which  could  be  attributed  to  geno- 
type (Table  16) . One  hypothesis  is  that  part  of  the  lysine 
in  pearlmillet  is  bound  in  protein  complexes  which  prevent 
extraction  or  inhibit  dye-binding.  Singh  e^  al.  (1971) 
reports  evidence  for  additive  and  cumulative  gene  action  for 
Due  values  in  rice.  No  other  work  has  been  reported  on  this 


CONCLUSIONS 


The  inheritance  of  protein  in  pearlmillet 
y the  presence  of  dominance  for  low  protein  wii 
f maternal  effects  which  are  affected 


i influenced 
evidence 


effects.  More  data  must  be  collected  t 

The  inheritance  of  lysine  may  be  influenced  by  the 
presence  of  dominance  in  some  lines  (Table  15) . Lack  of 
analysis  of  replications  precluded  estimation  of  environ- 

it.infd  -in  total  protein  may  have  little  effect  on  total 
• 1 nt  ia  1 amino  acids  but  have  a negative  effect  on  1 ■>ne 

methionine,  and  threonine. 

Rapid  quantitative  analytical  techniques  for  lysine 
wei"  unreliable  when  applied  to  pearlmillet  in  this  work. 
Prop  ss  in  breeding  for  grain  with  better  protein  quality 
will  be  impeded  until  this  deficiency  is  corrected. 
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